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A rapid and anisotropic modification of the Fermi-surface shape can be associated with abrupt
changes in crystalline lattice geometry or in the magnetic state of a material. In this study we
show that such an electronic topological transition is at the basis of the formation of an unusual
pressure-induced tetragonal ferromagnetic phase in Fe1.08Te. Around 2 GPa, the orthorhombic
and incommensurate antiferromagnetic ground-state of Fe1.08Te is transformed upon increasing
pressure into a tetragonal ferromagnetic state via a conventional first-order transition. On the other
hand, an isostructural transition takes place from the paramagnetic high-temperature state into
the ferromagnetic phase as a rare case of a ‘type 0’ transformation with anisotropic properties.
Electronic-structure calculations in combination with electrical resistivity, magnetization, and x-
ray diffraction experiments show that the electronic system of Fe1.08Te is instable with respect to
profound topological transitions that can drive fundamental changes of the lattice anisotropy and
the associated magnetic order.
The overwhelming majority of structural phase transi-
tions in crystalline materials is associated with changes
of the symmetry or modifications of atomic positions in
the unit cell. Only very few systems are known so far to
exhibit a symmetry-conserving or ‘isostructural’ phase
transition involving pronounced variations in the metric
of the unit cell. These so-called ‘type 0’ transformations
are first-order transitions for fundamental reasons [1, 2].
The examples are driven by a diversity of mechanisms
that change the internal state of the material without
breaking crystalline symmetry, e.g., changes of coordina-
tion in complex framework lattices [3] or electronic transi-
tions, including valence transitions [4–6], metal-insulator
transitions [7], or other changes of the electronic struc-
ture [8].
Transformations involving spin-order with magneto-
elastic couplings can appear as isostructural transitions,
although time-reversal symmetry is broken. If a transi-
tion is driven by magnetic ordering, then marked jumps
of the lattice anisotropy are not expected in 3d-electron
systems, such as Fe1+yTe. However, another type of
transition with magneto-elastic coupling can be envis-
aged which is driven by a symmetry-conserving instabil-
ity of the lattice. Such a ‘type 0’ transition mode gives
rise to magnetic ordering as secondary effect. The re-
sulting phase, an anisotropically deformed isostructural
lattice with magnetic order as by-product, is reached
through a strongly discontinuous first-order transforma-
tion process. In metallic systems, abrupt changes in the
unit-cell dimensions can be associated with modifications
of the Fermi-surface (FS) topology, resulting in an elec-
tronic topological transition (ETT) [9–13]. We note, the
changes in the FS topology discussed here are not related
with topologically protected surface states.
In this work, a thermal transition in Fe1.08Te under
pressure is identified as an isostructural transition that
is marked by a pronounced change of the axis ratio c/a
in its tetragonal phase. This type-0 transformation is
driven by lowering temperature, in contrast to the vast
majority of type-0 transitions known in other materials
which are normaly driven by a non-thermal control pa-
rameter, such as hydrostatic pressure. Furthermore, in
Fe1.08Te the type-0 transformation triggers a ferromag-
netic (FM) ordering as a secondary effect. Electronic
structure calculations explain the transition by a dras-
tic change of the FS topology, as suggested originally by
Lifshitz [14].
The non-superconducting parent compound of the Fe-
based superconductors, Fe1+yTe, has prompted the in-
terests of the condensed matter community at large [15].
Bulk Fe1+yTe exhibits a plethora of structural and mag-
netic phase transitions as a function of excess Fe content
(y), temperature (T ) [16–21], and pressure (p) [22–27].
At low concentrations of y ≤ 0.11, Fe1+yTe undergoes a
structural and magnetic phase transition from a high-T
tetragonal and paramagnetic (PM) semimetal to a low-
T monoclinic antiferromagnet (AFM). For y ≥ 0.12, an
orthorhombic incommensurate AFM state is realized at
low temperatures [16, 18, 28, 29]. Similarly, applying
pressure on a sample drives the system through a se-
ries of phase transitions that closely resemble those in-
duced by excess Fe content [24]. One such transition,
being completely unanticipated, is of particular interest:
a pressure-induced FM phase transition at low temper-
2atures [25, 30–33]. This phase has not been observed at
ambient pressure for samples of any level of Fe excess.
Details on the preparation of polycrystalline Fe1.08Te
samples by a solid-state reaction and on the electrical
resistivity, magnetization, and x-ray diffraction (XRD)
experiments under pressure as well as on the density-
functional theory based calculations can be found in the
Supplemental Material [34].
The temperature dependence of the electrical resis-
tivity ρ of Fe1.08Te taken in cooling and heating cycles
for selected pressures 1.53 GPa ≤ p ≤ 2.72 GPa is dis-
played in Fig. 1a. At high temperatures, above the mag-
netic ordering, we observe a characteristic change in ρ
around 2.2 GPa. While ρ(T ) increases slightly upon low-
ering temperature at p ≤ 2.20 GPa, indicating a semi-
conducting-like behavior, ρ(T ) decreases at higher pres-
sures as expected in a metal.
At 1.53 GPa, a small step-like feature in ρ(T ) around
TN = 65 K indicates the phase transition from a tetrago-
nal PM to an orthorhombic incommensurate AFM phase
[26]. This step-like feature is in contrast to the contin-
uous anomaly observed at lower pressures. It does not
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FIG. 1. (a) ρ(T ) data of Fe1.08Te for selected pressures col-
lected upon cooling and heating as marked by arrows. TN ,
TC1, and TC2 are indicated. (b) M(H) hysteresis loops of
Fe1.08Te at 5 K and at different pressures. Inset: field-cooled
M(H) data for selected pressures.
show any thermal hysteresis, pointing at a second-order
character of the phase transition. Upon further cooling,
metallic behavior is observed down to 7 K, below which
ρ(T ) exhibits a small upturn. The latter feature is less
pronounced at higher pressures, but remains visible up to
2.20 GPa. The height of the step-like feature marking TN
is suppressed upon increasing pressures. It is still clearly
visible at 1.95 GPa, where a thermal hysteresis in ρ(T ),
centered around 30 K and extending over a wide tem-
perature range, is detected well below TN = 63 K. The
hysteresis is related to a first-order phase transition at
TC1 ≈ 30 K. Measurements of ρ(T ) in different magnetic
fields (see Supplemental Material [34]) give a first hint
that TC1 is associated with a phase transition from the
incommensurate AFM phase to a ferromagnetically or-
dered state at lower temperatures. A very weak anomaly
in ρ(T ) at TN still exists at 2.20 GPa. Increasing pressure
drives TC1(p) rapidly toward higher temperatures. Con-
currently, the temperature interval of the thermal hys-
teresis decreases, but extends almost up to TN . This
observation suggests a competition between the FM and
incommensurate AFM ordering.
For p & 2.4 GPa, only a broad feature with a large
thermal hysteresis remains in ρ(T ) signaling a first-order
phase transition from the PM to the FM state at TC2
[TC2 is defined by the kink in the warming curve]. Fur-
thermore, the resistivity decreases monotonously toward
the lowest temperatures. TC2(p) increases strongly with
increasing pressure accompanied by an increase in the
width of the thermal hysteresis. The positive field de-
pendence of the anomaly at TC2 is consistent with a FM
nature of the ordered state (see Supplemental Material
[34]).
At 5 K, the hysteresis in the magnetization M(H)
loops confirms the FM nature of the high-pressure phase
(see Fig. 1b). No signal can be resolved in the AFM
phases at low pressures. Due to the large uncertainty
in the determination of the sample mass, we cannot pro-
vide absolute values of the magnetization. However, this
does not affect the relative changes between different
pressures. Our finding is further supported by neutron
diffraction data on Fe1.141Te, which indicate that all Fe
moments are oriented along the c-axis in the pressure-
induced FM phase [30]. The saturated high-field mag-
netization increases with increasing pressure, signifying
a stabilization of ferromagnetism under pressure. M(T )
taken upon cooling in 10 mT shows a strong increase
toward low temperatures upon entering the FM phase
(inset of Fig. 1b). The extracted transition temperatures
TC2(p) are in good agreement with the ones obtained
from ρ(T ).
The T − p phase diagram in Fig. 2a summarizes the
results of our ρ(T ) and M(T ) investigations and, addi-
tionally, includes the XRD data taken on Fe1.08Te. One
second-order (TN ) and two first-order (TC1 and TC2)
phase-transition lines meet at a multicritical point at
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FIG. 2. (a) T − p phase diagram for Fe1.08Te. N, ⋆, and •
mark the transition temperatures extracted from ρ(T ) and 
that from M(T ). The letters T and O represent tetragonal
and orthorhombic phases according to XRD measurements.
The single line and the double lines indicate second-order and
first-order phase transitions, respectively. The inset displays
the T − p phase diagram at zero-field (solid symbols, dashed
lines) and at 9 T (open symbols, dotted lines). (b) and (c)
Unit-cell volume V (left axis) and c/a∗ ratio (right axis) at
40 K as function of pressure, and at ∼ 2.9 GPa as function of
temperature, respectively.
pMP ≈ 2.4 GPa and TMP ≈ 58 K. A field of 9 T sup-
presses TN only weakly, but strongly enhances TC1 and
TC2, except for the very vicinity of the multicritical point
(Fig. 2a, inset). The strong increase in TC1 and TC2
is expected for a ferromagnet. We note that while at
1.75 GPa in zero field no TC1 anomaly in ρ(T ) is re-
solved down to 1.8 K, a field of 9 T induces FM ordering
below T 9TC1 ≈ 30 K.
By entering the FM phase from the incommensu-
rate AFM upon increasing pressure the lattice symmetry
changes from orthorhombic to tetragonal. The XRD data
taken at 40 K upon increasing pressure indicate a broad
two-phase region dominated by the tetragonal phase in a
pressure window between 2.1 and 2.5 GPa consistent with
the large hysteresis observed in the electrical resistivity.
The transition from the orthorhombic-incommensurate
AFM to the tetragonal-FM phase at TC1 is accompanied
by a reduction of the unit-cell volume V and an increase
in the ratio of the c and a∗-axis lattice parameters [for
orthorhombic and monoclinic symmetries a∗ = 12 (a+ b)].
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FIG. 3. Energy and Fe moment (calculated and experimen-
tal) as a function of the c/a ratio for stoichiometric FeTe
(Fe1.08Te). In the experimental data, p is an implicit param-
eter
At TC1 = 40 K we find a marked change in both V and
c/a∗ by −0.6% and 2.1%, respectively, upon the trans-
formation from the orthorhombic AFM to the tetrago-
nal FM state (see Fig. 2b). This transformation connects
two phases with different and unrelated magnetic sym-
metries, which explains why a classical first-order-type
behavior with hysteresis is observed.
At TC2, in contrast, the transformation from the high-
temperature PM to the low-temperature FM state also
takes place as a first-order process, evidenced by the large
hysteresis observed in the ρ(T ) data, but without change
of the tetragonal lattice symmetry. At this symmetry-
conserving phase transition at TC2, again marked vari-
ations in V and c/a are seen, e.g. −0.8% and 1.5%
at ∼ 2.9 GPa, respectively (see Fig. 2c). This testi-
fies that this phase transition is not driven by mag-
netic ordering. Rather, the marked change of the lat-
tice aspect ratio and its volume suggests that the inter-
nal electronic structure of the material is fundamentally
transformed when entering the FM state. The reason
for the transformation, therefore, is not a symmetry-
breaking in the spin-structure, but an isostructural in-
stability of the tetragonal lattice. We note that the
changes in V and c/a upon entering the tetragonal-FM
phase are similar, independent of the path, i.e. upon en-
tering from the orthorhombic-incommensurate AFM or
from the tetragonal-PM phase. In the following we turn
to electronic-structure calculations to track the FS evo-
lution across the symmetry-conserving phase transition.
For simplicity, we have limited our band-structure
analysis to the tetragonal phase and stoichiometric com-
position. The energetics and magnetic moments are an-
alyzed as a function of the c/a ratio, whilst constrain-
ing the volume to that measured for 2.9 GPa (see pre-
vious paragraph). Firstly, we observe a salient feature
in the total energy with increasing c/a (see Fig. 3): a
non-monotonic flattening of the curve around c/a ≈ 1.6,
resulting in a shallow minimum. Upon further increase
in c/a, the total energy then continues to decrease mono-
tonically. Concomitantly, around c/a ≈ 1.6, the Fe mo-
ment shows a sharp increase, strengthening from 0.4 µB
to more than 1.5 µB. Although the change in the to-
tal energy is subtle, the jump in the Fe moment is quite
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FIG. 4. Topological changes of the FS sheets for two closely spaced c/a ratios in FeTe. The left four FS sheets correspond to
the spin-up channel (green) and the right five ones to the spin-down channel (blue). Upon increasing the c/a ratio by only
2.5%, four FS sheets (two in each spin channel) disappear, illustrative of an ETT.
abrupt, and can be construed as being emblematic of the
first-order character of the symmetry-conserving phase
transition, consistent with our experiments.
Secondly, we monitored the change in the electronic
structure of FeTe. Collected in Fig. 4 are the FS’s for
two closely spaced c/a ratios adjoining the jump in Fig. 3.
Upon increasing c/a from 1.59 by 2.5%, which is com-
parable to the experimentally observed increase at the
symmetry-conserving transition, four FS sheets (two in
each spin channel) rapidly reduce in volume and sub-
sequently disappear. This is illustrative of the antic-
ipated ETT, in the same vein as a Lifshitz transition
[14]. We note that we find a similar change in c/a∗ at
the orthorhombic-incommensurate AFM to tetragonal-
FM transition upon varying pressure.
Corresponding to the c/a variation, a pronounced nar-
row peak in the density of states (see Supplemental Ma-
terial [34]) jumps from below the Fermi level to above,
thereby shifting the Fermi energy away from the van
Hove-like singularity. The loss of charge carriers due
to the disappearing FS sheets is more than compen-
sated by the remaining sheets which increase significantly
in volume, consistent with the electrical resistivity be-
coming more metallic-like at higher pressures. Hence,
the combined changes in the topology of the FS, con-
comitant with the depopulation of the narrow density
of states peak, and the sharp increase of the Fe mo-
ment, demonstrate a Lifshitz-ETT in the spin-split band-
structure of Fe1.08Te [8, 14]. Lifshitz already demon-
strated that ETTs can drive type-0 transitions [14], and
it is known that electron-phonon coupling can exacer-
bate anisotropic inharmonic response and instability of
the lattice [35]. However, the remarkable change of the
c/a ratio in Fe1.08Te is unconventional and suggests that
particular electron-phonon interactions exist in this sys-
tem, so that the ETT results in an anisotropic lattice dis-
tortion. As we are observing a transition at finite tem-
perature, its microscopic understanding should rely on
the coupling of thermally smeared electronic states near
singular Fermi-surface pieces to thermally excited acous-
tic phonons. Theoretically, such a strongly anisotropic
effect in a 3d-electron metallic system has not been an-
ticipated, see review Ref. [36].
Phenomenologically, the first-order thermal PM-FM
transition can be understood by considering the lattice
strain, i.e. change of the c/a-ratio, as order-parameter,
η = ezz. It transforms as identity representation of
the lattice space-group. Coupled to the magnetization
m, the Landau potential for this transition reads f =
αm2+β m4+Aη2+B η3+C η4+d ηm2, where the last
(attractive) term, d < 0, encodes the unconventionally
strong magneto-elastic coupling that relies on the ETT
in the spin-split bandstructure. A first-order transition
in the primary order parameter η is prompted by the cu-
bic term B, and can lead to a jump-like onset of magnetic
order, if |d| is comparable to α > 0, as in similar systems
with coupled ordering modes [37, 38]. This fundamental
thermodynamic model describes all qualitative features
and the strengths of the observed thermal transition in
Fe1.08Te, as a ‘type 0’ process driven by the lattice in-
stability η. In contrast, a magnetically driven transition
would require to reach α < 0 which entails only a weak
response of the lattice (details in Supplemental Material
[34]).
Another important structural aspect aiding the ETT
induced FM state in Fe1.08Te is the anisotropic enhance-
ment of c/a(∗) under pressure. An anomalous expan-
sion of the lattice parameters under pressure has been
observed in various members of the Fe-based supercon-
ductors, but they tend to reduce relatively quickly after-
wards. They include the realization of a collapsed state,
wherein the c/a ratio is reduced considerably [39–43].
The formation of interlayer bonds is seen as a driving
force for the collapsed state, which in turn becomes non-
magnetic [40]. In contrast, in Fe1.08Te c/a is enhanced
in the FM state upon entering from the orthorhombic-
incommensurate AFM phase or upon cooling from the
tetragonal-PM one (Fig. 2). As seen in Fig. 3, such an
increase in c/a is decisive in stabilizing the FM moment
in Fe1.08Te.
The formation of different magnetic structures due
to an ETT is commonly observed in rare-earth con-
taining metals (heavy-fermion systems) [44, 45], wherein
the localized moments of the rare-earth ions are inter-
5acting via the Ruderman-Kittel-Kasuya-Yosida (RKKY)
mechanism [46]. Small changes in the FS topology of
the conduction electrons which regulate the exchange
mechanism can result in drastic changes of the mag-
netic properties. Dynamical mean-field theory studies
on FeTe reported a mass enhancement of more than
seven for the 3dxy orbital, which is typical for heavy-
fermion systems, and surmised that FeTe can promote an
orbital-selective localization [47]. Another study based
on semi-phenomenological models with coupled localized-
itinerant moments in Fe1+yTe, discussed the appearance
of new magnetic phases by the y-dependent RKKY part
of the interaction [48]. In our work, projecting out the 3d
orbital character, we notice the FS sheets to be comprised
predominantly by the itinerant 3dxz/yz and 3dx2−y2 or-
bitals (see Supplemental Material [34]) while the 3dxy
orbital remains localized and away from the Fermi level.
Consequently, the calculated rapid change in the FS
topology, the sudden increase of Fe moment and the sta-
bilization of the FM phase in Fe1.08Te bear some sim-
ilarity to heavy-fermion materials in that the moments
on the localized 3dxy orbital are mediated by the other
itinerant electrons. Thus, Fe1.08Te presents a rare exam-
ple of an ETT-induced FM transition under pressure in
a 3d system, wherein only a handful of examples (mostly
containing rare-earth ions) exist in the literature [49–53].
Our results identify a topological transition of the
Fermi surface in the (spin-split) electronic band-structure
of Fe1+yTe that leads to a coupled instability of the lat-
tice geometry with magnetic ordering and explains its
unconventional magneto-structural ’type-0’ transforma-
tion in the thermal energy range at a pressure of a few
GPa. The results demonstrate the subtle competition
between various electronic degrees of freedom and the
coupling to (the geometry of) the lattice as the relevant
parameter to explain the existence of the many different
phases in this Fe-chalcogenide.
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